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Abstract 
 
This report presents the results of an inter-laboratory comparison (ILC) on the temperature control during migration tests 
by article filling organised by the EURL-FCM, Ispra (Italy). Participants carried out a migration test by article filling in 
provided polypropylene cups (volume 0.3 L) with food simulant D1 (ethanol 50 %, v/v) at 70°C for 2 h and monitored the 
temperature of the food simulant inside one of the test specimen during the contact phase and provide details for the 
operating procedure. The participation to the ILC was satisfactory. The results show that 30% of the 53 migration 
experiments performed by the 45 laboratories were successful (scoring 100%) meaning that the temperature of the 
food simulant was in the desired range during the full contact time. It is clear that this result will trigger further 
discussion to improve the temperature control during a migration test. The information provided by the laboratories 
through the questionnaire gives a first insight in the factors that can be important to reach a satisfactory score. This 
discussion should lead to the selection of one or more methods for temperature control during migration testing. These 
selected methods need to be compared in a future ILC. 
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1. Summary 
The Institute of Health and Consumer Protection (IHCP) of the Directorate-General 
Joint Research Centre of the European Commission hosts the EU Reference 
Laboratory for Food contact material (EURL-FCM). One of its main tasks it to 
organize interlaboratory comparisons (ILCs) among appointed National Reference 
Laboratories (NRLs). 
The report presents the results of an ILC which focused on the temperature control 
during migration tests by article filling and on a root-cause-analysis for the 
identification of the best-practice approaches concerning the preheating, filling and 
contact phase which can ensure that migration tests by article filling are performed at 
the correct temperature according to EU Reg. 10/2011 [1] . 
The general aim of the present exercise was to assess the best practices of 
laboratories to ensure that required contact temperature for migration during testing 
is reached within acceptable range. The exercise was designed as a proficiency 
testing and consequently the participants were free to use any experimental 
approach corresponding to the best of their expertise. 
In the present exercise, the participants received polypropylene cups (volume 0.3 L) 
and were asked to perform a migration test by article filling with food simulant D1 
(ethanol 50%, v/v) at 70°C for 2 h. The participants were required to monitor the 
temperature inside one of the test specimens during the contact phase and provide 
details of their operating procedure. There were no requirements to identify or 
quantify any migrating substances at that stage due to the insufficient homogeneity 
of test articles of that nature (article filling) for the scope of the exercise. 
Samples were sent to 45 laboratories (26 NRLs, 10 German Official Control 
laboratories, 4 Spanish Official Control Laboratories, 4 Belgian Official Control 
Laboratories and 1 Italian Offical Control Laboratory) and all the participating 
laboratories submitted results. 
Results showed that 30% of the 53 migration experiments performed by the 45 
laboratories obtained a scoring of 100% success meaning that the temperature of 
the food simulant was in the tolerance range of ± 2°C during the entire contact time 
of 2 h at the contact tempature of 70°C chosen for the exercise [2].  
The laboratories were also asked to provide their experimental procedure of the 
migration experiment by answering a questionnaire in order to identify different 
factors that potentially could have an effect on the contact temperature during 
migration tests by article filling as rot cause for variations. 
The results indicated that the main factors that have a direct or an indirect, individual 
or combined effect in the temperature of the food simulant during the migration 
experiment by article filling, were the initial temperature of the food simulant, the 
volume of the thermostatic oven, preheating of the test specimen, the operation of 
fan and the interval air exchange, the filling time, the material of the filling place, the 
persons required for the experiment, the covering of the test specimen during 
migration and finally the food simulant volume loss. 
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2. Introduction 
ILC studies are important for the laboratory quality assurance and allow individual 
laboratories to check their performance.  
It is one of the core duties of the European Union Reference Laboratories to 
organise ILCs, as stipulated in Regulation (EC) 882/2004 of the European 
Parliament and of the Council [3]. 
In accordance with the above requirements, the European Union Reference 
Laboratory for Food contact Materials (EURL-FCM) organised ILCs for the network 
of National Reference Laboratories (NRLs) in 2015. 
 
3. Scope 
The objectives of this ILC were: 
1. To assess the ability of the NRLs to perform a specific migration test by article 
filling with food simulant D1 (i.e. ethanol 50% v/v) for 2 h at 70±2°C [2] inside 
a thermostatic oven or incubator with a focus on temperature control 
protocols. 
2. To perform a root-cause analysis as to be set up recommendations for 
migration tests by article filling. 
 
The assessment of all measurement results was undertaken on the basis of 
requirements laid down in international standards ([4]). Some national official control 
laboratories also participated.  
 
4. Time frame 
Invitation letters were sent by e-mail to all NRLs and interested national official 
control laboraories on the 8th of October 2015 (see Annex 12.1, Figure 12). 
Laboratories were asked to fill in a letter of confirmation of their participation (see 
Annex 12.1, Figure 13). 
The samples were dispatched to the participants on the19th of October 2015 together 
with a sample receipt letter, their lab code, a shipping kit letter, instructions for the 
compilation of the results (see Annex 12.1, Figures 14, 15, 16, 17), a print copy for 
the compilation of the results and a questionnaire form to be filled (see Annex 12.1, 
Figures 18, 19).  
The deadline to report results was set on the 30th of November 2015. 
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5. Test material 
Polypropylene cups (0.3 L) were purchased. All participants received five cups, 
wrapped in alumium foils, the test specimens.  
 
 
   
Figure 1. Polypropylene (PP) cups (left) as prepared for shipment (right) 
 
6. Instruction to participants and requested results 
Instruction were given to all participants in the letter that accompanied the samples 
(see Annex, Figure 16).  
The laboratories were asked to perform a specific migration test by article filling with 
food simulant D1 (i.e. ethanol 50% (v/v)) at 70°C for 2 h inside a thermostatic oven 
or incubator by filling three of the provided test specimens to within 0.5 cm from the 
top, expose them simultaneously and monitor the temperature of the food simulant 
inside the third test specimen, i.e. the one filled last and/or placed into the 
thermostatic oven/incubator last. The NRLs were instructed to use a calibrated 
thermometer to carry out the temperature measurements. The EURL-FCM also 
provided to the participating laboratories a digital probe, in case they did not have a 
suitable calibrated thermometer to monitor the temperature of the food simulant. 
Additionally, the laboratories were asked, if possible, to record also the temperature 
displayed at the thermostatic oven/incubator itself.  
The temperature values were requested to be recorded in specific timeframes. The 
first value was to be recorded immediately after the third test specimen was placed 
into the thermostatic oven/incubator and it was set as t = 0 min. Subsequently, the 
temperature measurements were set every 1 min (until t = 10 min), every 5 min from 
t = 10 min to t = 30 min and 15 min from t = 30 min to t = 120 min. Additionally, the 
laboratories were asked to record the temperature of the preheated food simulant, 
before it was filled into the test specimens, during the preheat (inside the oven/liquid 
bath, on a hotplate) or immediately after having removed the food simulant from the 
heating source. 
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The participants were asked to monitor the food simulant temperature only during 
one migration test. There was no need to perform a second test and also there were 
no requirements to identify or quantify any migrating substances at that stage due to 
an inherent lesser homogeneity of the type of test articles (article filling). 
As the exercise aimed at a proficiency testing, the participants were free to use any 
suitable method or instrumentation of their own choice for the realization of the 
specific migration by article filling while making sure that the food simulant reaches 
the desired test temperature of 70°C ± 2°C [2] as soon as possible after placing the 
filled test specimens inside the thermostatic oven. 
 
7. Evaluation of results 
7.1. Performance scores 
As described in ISO/IEC 17043:2010 Annex B, B.3.3 [4], the performance of a 
laboratory can be evaluated "on the basis of more than one result in a single 
proficiency testing round". Based on this, a combined performance score was 
calculated to assess the overall laboratory performance. 
Performance scores were defined based on the general concept described in 
ISO/IEC 17043:2010 Annex B [4]. To assess the laboratory performance for 
qualitative data, ISO/IEC 17043 states "to compare a participant's result with the 
assigned value. If they are identical, then performance is acceptable. If they are not 
identical, then expert judgement is needed to determine if the result is fit for its 
intended use" (see [4] Annex B, B.3.2.1). Due to the temperature control during the 
migration experiment by article filling, a "passed/failed"-decision based on the fact 
whether all measured temperatures were located inside the acceptable range (70°C 
± 2°C) [2], was appropriate and could be characterised as ''satisfactory''.  
 
7.2. Applied scoring and evaluation system 
The scoring system was based on "yes/no"-decisions. For each requested subtask, 
i.e. measurement of the food simulant temperature in specific timeframes, a result 
was either correct and the participant obtained 1 point or it was incorrect and the 
participant obtained 0 points, which in the present exercise meant reporting a 
temperature outside the acceptable temperature range of the contact temperature of 
70oC±2oC (acceptable were from 68oC-72oC) [2]. Similar scoring system has also 
been applied for the ILC 02 2013 and ILC 02 2014 [5, 6]. No penalty scores were 
given [6]. 
In the present exercise, the percentage of achieved points (i.e. the sum of points 
achieved in the analysis of temperatures, max. 21, was used as a parameter to 
evaluate the overall performance of a laboratory. No threshold was set as all the 
points, which were temperature measurements in specific timeframe, must be inside 
the target temperature range of 70oC±2oC [2]. The overall laboratory performance 
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was regarded as "satisfactory" when the participant obtained 100% of the total 
achievable points. Therefore the percentage of achieved points other than 100% 
does not say anything about the relative performance of the laboratory and is only 
used for root-cause analysis.  
 
8. Results and Conclusions 
8.1. Participation 
Samples were sent to 45 laboratories (26 NRLs, 10 German Official Control 
laboratories, 4 Spanish Official Control Laboratories, 4 Belgian Official Control 
Laboratories and 1 Italian Offical Control Laboratory) and all the participating 
laboratories submitted results. This corresponded to a 100 % participation. 
 
8.2. Results from the participants 
The rounded results of the participants are presented in Annex 12.2, in Table 1. 
Additionally the results of the participating laboratories are visualised in Annex 12.2, 
Figure 20.  
 
The total achieved points of each laboratory in the exercise are listed in Annex 12.3, 
Table 2 (Annex 12.3) and visualised in Figure 2. This figure also shows which result 
is obtained by either a constant or gradient temperature programme.  
 
In some cases, some participating laboratories reported results for different 
configurations of the migration method. Those results were taken into account and 
will be also used for a further root-cause analysis.  
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Figure 2. Achieved point per laboratory depending on applied temperature program 
 
Fifteen out of 53 migration experiments (30%) reached a 100 % performance score 
of satisfactory result.  
 
8.2.1. Oven temperature 
The participating laboratories used mainly 2 types of oven temperature programs for 
the realisation of the specific migration by article filling. Those were the constant 
temperature program, where the incubator temperature was kept constant 
throughout the migration experiment and the gradient temperature program, where 
the temperature was changed, based on a time-temperature program (see Figure 3). 
In the latter case, different approaches were followed and reported by the 
participating laboratories. 
 
 
Figure 3. Temperature programs applied and indicating the number of laboratories and their scoring 
performance 
 
 
In 81% of the migration experiments (43) a constant temperature was used and 10 
of them reached satisfactory results. In 19% of the migration experiments (10) a 
gradient temperature program was used and 6 of them reached satisfactory results.  
 
8.2.2. Food simulant preheating 
For the initial food simulant temperature, the results for constant and gradient 
temperature programs can be categorised in 3 main groups. In case of constant 
temperature programs, the food simulant was preheated in a temperature lower 
(Tsimulant<Toven), equal (Tsimulant=Toven) or higher (Tsimulant>Toven) than the oven 
temperature. In case of gradient temperature programs, the food simulant was 
preheated in a temperature lower than the minimum temperature of the program 
(Tsimulant<Tmin, oven program), in a temperature inside the range of the temperature 
0
5
10
15
20
25
30
35
40
45
Constant Gradient
10
6
33
4
N
u
m
b
e
r 
o
f 
m
ig
ra
ti
o
n
 t
e
st
s
non-satisfactory
test results
Satisfactory
migration test
results
EURL-FCM                                         ILC 01 2015 - Temperature control during migration test by article filling 
11 
 
program (Tsimulant=Toven temp. program), or in a temperature higher than the maximum 
temperature of the program (Tsimulant>Tmax, oven program). 
 
 
Figure 4. Food simulant preheating temperature options and scoring performance 
 
Figure 4 shows the total number of migration experiments for the different initial food 
simulant temperature options and the number of migration experiments that were 
satisfactory. In the case of migration experiments with a constant temperature 
program, the preheating of food simulant to a temperature lower than the oven 
temperature appeared not to lead to a 100% performance score. The preheating of 
food simulant to a temperature equal (8 migration experiments) or higher (17 
migration experiments) than the oven temperature seemed to be more effective, 
where the 100% performance scores was reached by 50% and 35% respectively of 
the respective migration experiments. The participating laboratories applied different 
patterns of preheating the food simulant.  
In the case of migration experiments using a gradient temperature program, the 
initial food simulant temperature within the minimum and maximum of the 
temperature oven programs seemed most effective in reaching the 100% 
performance score. However the number of migration experiments with these 
conditions was low. In the other cases where the temperature was inside oven 
temperature program (Tsimulant<Tmin, oven temp. program) or higher than the maximum 
temperature of the oven program (Tsimulant>Tmax, oven program), not all laboratories 
reached 100% performance score. The participating laboratories also applied 
different patterns of preheating the food simulant. 
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8.2.3. Test specimen preheating 
Some participating laboratories preheated the test specimens prior to the migration 
by article filling. The preheating included preheating contact times that ranged from 
15 min up to 300 min and contact temperatures that ranged from 40oC up to 90oC.  
 
Figure 5. Application of specimen preheat and scoring performance 
 
Figure 5 shows how satisfactory the preheating of the test specimen was. In 37 
migration experiments the test specimen was not preheated, while in 16 migration 
experiments the test specimen was preheated. The results indicated that test 
specimen preheating led to satisfactory results for 6 migration experiments (38%), 
whilst no preheating led to satisfactory results for 10 migration experiments (27%).  
 
8.2.4. Oven/incubator volume 
The participants used different types of incubators with a variety of volumetric 
capacities. The volumes ranged from 49 up to 1333 L. Eleven laboratories used 
oven's with a volume of 108 L and ten laboratories used oven's with 53 L volume. 
The majority of the volume of the thermostatic ovens was below 100 L (36%), 
followed by 100-200 L (32%) and more than 200 L (23%). Additionally, 2 of the 
participating laboratories (4%) did the migration in a water bath and 3 of the 
laboratories (6%) did not gave any details regarding the volume of their oven. 
Based on the obtained results of the participating laboratories, it seemed that the 
increment of the oven volume had a positive effect on the temperature control, 
though the participating laboratories had operated and realised migration in different 
oven's volumes following different experimental conditions. It should be noted that 
apart from the volume, the contact temperature could be also affected by other 
factors such as the opening and the closing time of door of the oven and the angle of 
door opening.  
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8.2.5. Oven fan and interval air exchange operation  
Figure 6 shows the effect of the fan speed on the performance score of the migration 
experiments. In 15 migration experiments an oven without a fan was used or the fan 
was switched off. In 3 migration experiments the fan was operated at low level, in 14 
migration experiments at medium level and in 19 migration experiments at maximum 
level. In 2 migration experiments a water bath was used. 
 
Figure 6. Application of fan operation speed (Level 0 = no fan; Level 1 = low; Level 2 = medium; 
Level 3 = Maximum) and scoring performance 
 
Fan operation at medium or high level exhibited a relatively higher satisfactory 
scoring percentages of 43% and 32% respectively. The absence of use of fan or a 
use in low speed resulted in relatively low satisfactory scoring percentages. 
Apart from the fan operation on the oven, the participating laboratories were asked 
to provide information as to whether they applied any air exchange of the oven 
during the migration experiment. The results indicated that in most migration 
experiments (43) no air exchange was applied (Figure 7). In the remaining 10 
migration experiments air exchange was applied. The satisfactory scoring 
percentage without interval air exchange was 28%, while with interval air exchange a 
40% had satisfactory scoring. 
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Figure 7. Application of fan interval air exchange (YES) or not (NO) and scoring performance  
 
8.2.6. Specimen filling 
Figure 8 shows the effect of the place where the test specimen was filled. In 15 
migration experiments the test specimens were filled inside a thermostatic oven, and 
33% of them had a satisfactory scoring. In 37 migration experiments the test 
specimens were filled outside the thermostatic oven/incubator, where 30% of them 
had satisfactory scoring. In one migration experiment the test specimen was filled 
inside a water bath with no satisfactory scoring.  
 
 
Figure 8. Different filling places and scoring performance 
 
Apart from the different filling places, the participating laboratories were asked to 
indicate the different types of materials on which the test specimen was placed for 
filling outside the oven and the distance from the filling place to the oven. They 
reported 7 different surface materials, i.e. ceramic (insulated, non-insulated, + paper 
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or + metal) plastic, metal, wood) and distances varying from 0.1 up to 6.5 m, from 
the filling place to the thermostatic oven. 
The different filling place surface materials, along with their relative scoring 
percentages results, are presented in Figure 9.  
 
Figure 9. Different types of filling place materials and scoring performance 
 
The participating laboratories were asked to report the time between starting of 
fillling each test specimen and placing it into the oven or the time of filling and 
closing the door of the oven, in the case where the test specimens were filled inside 
the oven. The results showed large time variability ranging from 0.5 min up to 5 min.  
An additional feedback from the participants, was the indication of intentional 
breaks/intervals between the filling of the test specimens. Only 4 laboratories 
reported intentional time breaks between the filling of 2 test specimens, either 
outside or inside the oven/incubator. Those intentional time breaks varied from 0.16 
min up to 3 min. 
Laboratories reported different numbers of persons that they required during the 
filling procedure of the specimen and the realisation of the migration experiment 
(Figure 10). 38 migration experiments used one person of which 32% had a 
satisfactory scoring percentage, 13 migration experiments used 2 persons of which 
15% had a satisfactory scoring percentage and 2 migration experiments used 3 
persons of which 100% had a satisfactory scoring percentage. 
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Figure 10. Different types of personnel required and scoring performance 
 
 
8.2.7. Covering of test specimen during migration 
During the migration experiment, the test specimens were covered by 9 different 
materials or combinations thereof (Figure 11). Aluminium foil was mainly used in 
51% of the migration experiments, followed by glass plate (28%), silicon lid (1.9%), 
cling film (3.8%) and combination of the aforementioned materials such as aluminun 
foil-glass (5.7%) and aluminium foil-metal plate (1.9%). No covering of the test 
specimen was reported for one migration experiment. 
 
Figure 11. Materials used for covering the specimen and scoring performance 
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8.2.8. Food simulant loss during migration  
The initial food simulant temperature, the temperature program and the covering of 
the test specimen during the migration experiment had a combined effect on the 
food simulant losses. In general increased temperatures and the use of specific 
glass cover led to higher losses of food simulant. The results indicated great 
variations in food simulant losses, ranging from 0 mL up to 60 mL. Among the 
applications no similar test specimen's trends could be identified in food simulant 
loss results. 
It should be noted that significant loss of food simulant D1 can lead to the change of 
the composition of the food simulant. So it must be controled and loss of the food 
simulant during the migration testing should be minimised. 
 
9. Conclusions 
The participation in the ILC 01 2015 was satisfactory. The results showed that 30% 
of the 53 migration experiments performed by the 45 laboratories were successful 
(scoring 100%) meaning that the temperature of the food simulant was in the 
tolerance range constantly during the entire contact time. It is clear that these results 
trigger further discussion to improve the temperature control during a migration test. 
The information provided by the laboratories through the questionnaire gave a first 
insight in the factors that are of relevance to reach satisfactory score and optimal 
tempature control during higher tempature testing such as the "hot fill" conventional 
testing conditions. This discussion should lead to the selection of one or more 
methods for temperature control during migration testing. These selected methods 
will need to be further assessed in a future ILC.  
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12. Annexes 
 
12.1. Invitation letter and documents sent to the participants 
 
Figure 12. Invitation letter  
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Figure 13. Confirmation of participation  
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Figure 14. Shipping kit information  
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Figure 15. Sample receipt acknowledgement form  
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Figure 16. Instructions for the compilation of results  
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Figure 17. Laboratory code 
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Figure 18. Results reporting form  
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Figure 19. Questionnaire form (continued) 
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Figure 19. Questionnaire form (continued) 
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Figure 19. Questionnaire form 
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12.2. Results reported by the participants 
 
Table 1.  Rounded results and achieved points 
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Table 1.  Rounded results and achieved points (continued) 
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Figure 20 Graphical representation of participant's results (continued)  
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Figure 20 Graphical representation of participant's results (continued)  
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Figure 20 Graphical representation of participant's results (continued)  
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Figure 20 Graphical representation of participant's results (continued)  
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Figure 20 Graphical representation of participant's results 
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12.3. Achieved points  
 
Table 2 Total of achieved points 
Lab code 
total of 
achieved 
points 
(max. 21 
points) 
total 
achieved 
points 
[%] Lab code 
total of 
achieved 
points 
(max. 21 
points) 
total 
achieved 
points 
[%] Lab code 
total of 
achieved 
points 
(max. 21 
points) 
total 
achieved 
points 
[%] 
LC0040 21 100 LC0031 10 48 LC0032 20 95 
LC0018 7 33 LC0016 0 0 LC0059 1 5 
LC0007a 6 29 LC0011 21 100 LC0014 14 67 
LC0007b 5 24 LC0050 0 0 LC0046 21 100 
LC0055 15 71 LC0005 21 100 LC0114a 1 5 
LC0017 21 100 LC0049 8 38 LC0114b 1 5 
LC0047 0 0 LC0034 3 14 LC0114c 6 29 
LC0028 21 100 LC0043 21 100 LC0114d 21 100 
LC0056 21 100 LC0006 21 100 LC0114e 6 29 
LC0037a 16 76 LC0010 17 81 LC0114f 21 100 
LC0037b 3 14 LC0044 21 100 LC0061 1 5 
LC0037c 0 0 LC0008 10 48 LC0024 21 100 
LC0013 18 86 LC0021 21 100 LC0002 6 33 
LC0025 21 100 LC0038 12 57 LC0121 0 0 
LC0003 0 0 LC0026 21 100 LC0122 1 5 
LC0041 0 0 LC0064 10 48 LC0120 0 0 
LC0113 16 76 LC0054 6 29 LC0123 9 43 
LC0020 2 10 LC0062 19 90    
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